Background/Objective: This study was conducted to explore authorship characteristics and publication trends of all orthodontic randomized controlled trials (RCTs), systematic reviews (SRs), and meta-analyses (MAs) published in non-orthodontic journals with impact factor (IF). Materials and methods: Appropriate research strategies were developed to search for all articles published until December 2015, without restrictions regarding language or publication status. The initial search generated 4524 results, but after application of the inclusion criteria, the final number of articles was reduced to 274 (SRs: 152; MAs: 36; and RCTs: 86). Various authorship characteristics were recorded for each article. Frequency distributions for all parameters were explored with Pearson chi-square for independence at the 0.05 level of significance. Results: More than half of the included publications were SRs (55.5 per cent), followed by RCTs (31.4 per cent) and MAs (13.1 per cent); one hundred seventy-eight (65 per cent) appeared in dental journals and 96 (35 per cent) were published in non-dental journals. The last decade was significantly more productive than the period before 2006, with 236 (86.1 per cent) articles published between 2006 and 2015. European countries produced 51.5 per cent of the total number of publications, followed by Asia (18.6 per cent) and North America (USA and Canada; 16.8 per cent). Limitations: Studies published in journals without IF were not included. Conclusions/Implications: Level-1 evidence orthodontic literature published in non-orthodontic journals has significantly increased during 2006-15. This indicates a larger interest of other specialty journals in orthodontic related studies and a trend for orthodontic authors to publish their work in journals with impact in broader fields of dentistry and medicine.
Introduction
Evidence-based clinical decision making is achieved by combining the most current scientific evidence with clinical experience, and individual patient's needs and expectations (1, 2) . The purpose of scientific periodicals is to introduce, publish, and disseminate new knowledge produced by imaginative thinking, and vigorous and systematic research (3) . Journals are commonly ranked based on their impact factor (IF), which measures a journal's impact by assessing the citation frequency of its published articles within a certain time frame (4) . However, IF is not an ideal measure for quality (5) . The quality of a published article is evaluated according to the level of evidence it conveys with systematic reviews (SRs), including or not a meta-analyses (MAs), and randomized controlled trials (RCTs) providing the highest possible level of scientific evidence (6) .
An indirect method to assess the quality of literature within a scientific field would thus be to gather information regarding high-quality published articles. Bibliometric data from various dental specialities exhibit clear trends towards international collaborations and higher quality publications (7) (8) (9) (10) (11) . Evidently, electronic databases and open-access (OA) publications have enhanced access to information and cross-specialty communication. In recent years, there has been a significant increase of OA publications in dentistry with 45.8 per cent of all articles in a given year being available as 'open-access' (12) . In orthodontics, there has also been a dramatic increase in original published literature during the last three decades (13) (14) (15) , which is also accompanied by an increase in the number of orthodontic journals with IFs from three to seven since 2008. Following this trend, the number of high-quality orthodontic articles (i.e. SRs, MAs, and RCTs) has significantly increased as well. A recent comprehensive review of the entire orthodontic literature from 1900 to 2013 revealed that 77.2 per cent of all SRs, MAs, and RCTs were published during 2004-13) (16) .
Although the quality of orthodontic journals has evidently improved, their IFs remain relatively weak due to their low circulation among other groups of scientific readerships. Furthermore, high quality research tends to receive larger exposure (as measured from the citation count of a certain article) when published in a journal with high IF, even if the journal is not directly related to the same scientific field (17) . Although this phenomenon has previously been reported in the orthodontic literature (13) , the data presented included all types of publications (reviews, case reports, etc.), thus masking information regarding high quality orthodontic research. Therefore, the aim of this investigation was to explore demographic characteristics of SRs, MAs, and RCTs published in SCIE-indexed (Science Citation Index Expanded) non-orthodontic journals. The outcomes will supplement previously published data (16) in providing a comprehensive outlook on level-1 evidence orthodontic literature.
Materials and methods

Search strategy
Precise search strategies were developed and executed in order to identify all SRs, MAs, and RCTs published in non-orthodontic journals with IF since 1900. In order to identify SCIE-indexed non-orthodontic journals, all journals included in the search results were crosschecked with the latest listing of scientific journals with IF (18) , by two authors (ARA and GK) separately. A detailed list of all included journals is displayed in Supplementary Table 1. The search was based on the strategy developed for MEDLINE, but was revised for each database in order to account for differences in controlled vocabulary and syntax rules. The following electronic databases were searched (Table 1, and  Supplementary Tables 1 and 2 ("orthodont*" AND "meta-analysis") and ("orthodont*" AND "systematic review") and ("orthodont*" AND "randomised control trial") and ("orthodont*" AND "randomized control trail") Timespan: All years until December 2015. All field.
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Grey literature sources Google Scholar ("orthodont*" AND "meta-analysis") and ("orthodont*" AND "systematic review") and ("orthodont*" AND "randomised control trial") and ("orthodont*" AND "randomized control trail") Timespan: All years until December 2015.
774 electronic search regarding language or publication status. However, articles without an abstract in English were excluded. Portable Document Format (PDF) files of all articles were downloaded, saved, and arranged according to journal and type of article in an external hard drive. Articles that were not available in electronic format were hand searched, scanned, and added to the electronic database. After completion of the electronic database and removal of all duplicates, all articles' abstracts were reviewed by authors ARA and SN individually to exclude articles that did not meet criteria for SRs, MAs, and RCTs. Articles clearly stating, in the title or the abstract, that they included a 'Systematic Review', 'Metaanalysis', or 'Randomized Controlled Trial' directly. In systematic reviews with no mention of data synthesis in the abstract, the full text was scanned to determine whether a meta-analysis was performed. Disagreements were resolved by discussion between the two authors and through consultation with authors GK and AEA. If the abstract was not clear regarding the nature of the study, the full text of the article was also reviewed by all authors. The comprehensive review generated 274 articles that met all inclusion criteria ( Figure 1 ).
Data extraction
The first author recorded the following parameters and extracted them in an Excel worksheet (Microsoft Excel, Microsoft Supplementary Table 3 . Although, by definition meta-analyses are systematic reviews using statistical methods to summarize results, it was decided to explore them as two different groups for the purpose of this investigation.
Statistical analysis
Data were explored with descriptive statistics and frequency distributions. Pearson's chi-square test or Fisher's exact test was used to evaluate associations between various parameters at the 0.05 level of statistical significance. In order to account for multiple comparisons, a Bonferroni adjustment was performed. All statistical analyses were performed with SPSS version 24 (SPSS, IBM©, Armonk, NY, USA).
Results
Frequency distributions between various regions of origin
The numerical and percentage distribution of articles from various geographical regions in relationship to the studied parameters is displayed in Table 2 . More than half of all included articles in nonorthodontic journals were SRs (55.5 per cent), and 65 per cent were published in dental periodicals. European countries (EU and non-EU) published more than half (51.5 per cent), followed by Asia (18.6 per cent), North America (US and Canada; 16.8 per cent), Central and South America (10.2 per cent), Africa (1.8 per cent), and Oceania (1.1 2664 ArƟcles excluded due to:
Published in orthodonƟc journals 3.
Type of publicaƟon (e.g. LeƩer, Comments, Books etc.)
Electronic searches of the following databases:
1. PubMed 2.
Ovid Medline 3.
Web of Science 4. Scopus 5.
Google Scholar
Keywords used for each electronic search:
1. 'orthodont*' AND 'randomised control trial' 2.
'orthodont*' AND 'randomized control trial' 3.
'orthodont*' AND 'systemaƟc review' 4.
'orthodont*' AND 'meta-analysis' The level of statistical significance was adjusted to P = 0.0167 after a Bonferroni correction. *P-values calculated with the Fisher exact test.
per cent). However, the distribution of the three types of publications was not significantly different between regions (P = 0.278). Articles originating from EU countries and South and Central America presented a more balanced distribution between dental and non-dental journals (Table 2) , whereas other regions were represented primarily in dental journals (P = 0.001). The frequency distribution for number of authors was similar between regions (P = 0.111), and the majority of publications (65.7 per cent) were a collaborative result of four or more authors.
Comparisons between the last decade and the time period 1900-2005 (Table 3) The
and MAs (7.9 per cent), which appeared less often. On the contrary, after 2006, the percentage of SRs and MAs increased dramatically, whereas RCTs were no longer so highly represented (25.8 per cent; P < 0.001). Also, most articles were published in dental journals, a trend which was equally observed in both observation periods (P = 0.908).
Significant differences in the frequency distribution between various regions of origin were revealed between the last decade and the time period before 2006. The percentage of articles coming from North America and the EU decreased significantly during the last decade, compared with articles from non-EU European countries, Asia, and Central and South America (P < 0.001). The latter three regions produced only one article (2.6 per cent) during the period before 2006, whereas in the last decade this number increased to 92 (33.6 per cent).
Regarding the number of authors of each publication, there were no significant differences in the distribution of articles between the two observation periods (P = 0.995), with more than 60 per cent of articles published by four or more co-authors.
Comparisons between types of articles
Frequency distributions between different types of articles are displayed in Table 4 and Figure 2 . There was no difference between dental and non-dental journals in the frequency in which they published each type of article (P = 0.60). SRs were represented more than the other two categories of articles in both types of journals ( Figure 2) . In regards to the degree of collaboration for each article, it appeared that RCTs were mostly published by four or more authors (76.7 per cent). Although more than half of SRs and MAs were also a collaborative effort of four or more authors, some were published by one or two authors alone (P = 0.037; Table 4 ).
Discussion
This investigation explored the demographic characteristics of all level-1 evidence articles in orthodontics that have been published in SCIE-indexed non-orthodontic periodicals. It provides important bibliometric data that can be used to indirectly assess the quality of the orthodontic literature since 1900. The results revealed certain publication trends in regards to geographic origin of published articles and type of article. They also demonstrated significant differences between the last observed decade and the previous period .
The volume of orthodontic RCTs, SRs, and MAs in non-orthodontic journals has increased remarkably during the last decade, with 86.1 per cent of all included studies having been published during that period. This may be an indication of higher acceptance rates of high quality orthodontic publications in other scientific (dental and non-dental) journals. Considering the larger readership that most non-orthodontic journals have, one can assume that orthodontics has improved its overall status among other scientific fields over the last years, which is in accordance with the great emphasis given to evidence-based orthodontic practice (19, 20) . From a different scope, however, this observation could also be attributed to an expansion of journals into more scientific fields, including orthodontics, or to a noticeable increase of orthodontic articles published in recently emerging open-access journals (12) . In addition, higher acceptance rates of level-1 evidence orthodontic articles in non-orthodontic journals could be related to higher submission rates of these types of articles in journals with higher IFs in order to increase their impact (17) and improve the academic standing of their authors.
Prior to 2003, 45 per cent of all orthodontic articles were published in non-orthodontic journals; however, this percentage refers to original articles, but also to case reports and literature reviews (13) . Previously published data exhibited that the literature consisting of SCIE-indexed orthodontic journals included 557 RCTs, SRs, and MAs between 1900 and 2013 (16) . In the present data, we found 194 RCTs, SRs, and MAs published between 1900 and 2013. These results in combination show that there are 751 level-1 evidence orthodontic articles in the entire scientific literature until 2013, out of which 25.8 per cent (194/751) were published in non-orthodontic journals, a much lower percentage than the one reported in 2003 (13) . It can thus be concluded that although the amount of level-1 evidence orthodontic articles has increased remarkably in the last decade, still the vast majority is being published in orthodontic journals. In addition, a breakdown of the last observed decade revealed that 80 (30 per cent) RCTs, SRs, and MAs in non-orthodontic journals were published in 2014 and 2015. Although there are no comparative data to further comment upon this finding, it certainly indicates that, in the future, the orthodontic literature is expected to increase its overall scientific impact even further.
Another interesting observation relates to the discrepancy between orthodontic journals and non-orthodontic journals regarding the publication of SRs. The previous study by Kanavakis et al. (16) reported that 112 out of 557 (20.1 per cent) of level-1 evidence articles in orthodontic journals were SRs. In the present study, the equivalent percentage was almost 49.5 per cent (96/194), for the same observation period (until 2013). Due to the high scientific value of systematic reviews and the well-summarized information that they provide, non-orthodontic journals might be more likely to accept them compared with RCTs, which are more speciality-specific. Furthermore, authors often prefer to submit systematic reviews to journals with higher IFs in order to increase their impact in other fields and meet specific promotion requirements.
Our results also revealed publication trends related to the geographic origin of articles. There was a significantly larger representation of RCTs, SRs, and MAs originating from Europe (EU), Asia, and Central and South America that were published in non-dental journals (Table 2 ). Due to the publicity and citation counts of an article being related to the IF of a journal (21, 22) , authors prefer to publish their work in high impact journals even if they are not immediately related to the scientific scope of the article itself. This is more evident in the above-mentioned geographic regions, where, possibly, there is larger incentive for authors and institutions to accumulate higher impact scores. Furthermore, a significantly higher representation of the same regions was observed during the last decade (Table 3) , a phenomenon that was also trending in high-quality articles published in SCIE-indexed orthodontic journals (16) . Beyond doubt, the productivity of Asian and Central and South American countries has increased tremendously in the last years indicating emerging differences between universities and countries in their academic performance. Similar observations have also been made in other scientific fields (23, 24) , creating an overall impression that the scientific community is expanding, and knowledge is being produced worldwide. In the past, there was a 'brain drain' towards developed countries where research opportunities and funding were largely available (24) . This appears to be changing as other geographic regions develop, and new economic and academic ecosystems are formed.
Although the numerical increase of orthodontic RCTs, SRs, and MAs is an indication that the orthodontic literature has improved, important questions remain regarding the quality of these articles. The level of statistical significance was adjusted to P = 0.0125 after a Bonferroni correction.*P-value calculated with Fisher's exact test.
When the inclusion criteria for this investigation were applied, there were clear differences between articles of the same type. Previous assessments of level-1 evidence orthodontic articles have almost unanimously reported that the quality of orthodontic RCTs, SRs, and MAs is suboptimal in most cases (25) (26) (27) (28) (29) . The publication of poor medical research has raised concerns in the past as well (30) , hinting towards a need to improve the peer-review process and enforce stricter criteria for conducting good research. For the same purpose, the CONSORT group has developed a list of guidelines for reporting medical research (31) . Adherence to these guidelines has been shown to significantly improve research quality (32, 33) , and thus, their implementation is highly recommended for future research.
Another concern that might potential arise from this investigation is the 'leakage' of orthodontic knowledge through publications in non-orthodontic journals. If the most important developments in our field are published in journals that are not easily accessible by the average orthodontist, this could potentially have an adverse impact on the application of modern knowledge in everyday orthodontic practice. It could be beneficial if orthodontic journals presented summaries of interesting orthodontic articles appearing in non-orthodontic journals in order to better educate their readership.
This investigation adds to previously published results regarding the demographic characteristics of RCTs, SRs, and MAs published in SCIE-indexed orthodontic journals (16) . In summary, these two studies provide complete information regarding publication trends in the level-1 evidence orthodontic literature. Future research could potentially focus on further exploring the orthodontic literature by identifying chronological trends in research interests, and further background information about authors, research, and academic institutions.
Limitations
This investigation did not include level-1 evidence studies published in non-orthodontic journals that are not SCIE indexed, or studies that did not include the term 'orthodont*' in their title, abstract, or keywords. In addition, the implemented search strategy was limited to very specific terms and could have been more extensive in order to increase the spectrum of retrieved articles (34) . However, due to the very long observation period and the large number of included journals, it was preferred to increase the precision of the search and reduce its sensitivity (35) . In addition, it is unlikely that a more extensive search would have altered the results of this investigation noticeably (36) . 
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